^^12) ft » tt * i c s -3 l x r a us 3? n tz m PS ! 

WMftftlfffrMMi —™ IIIIIIIIH 

Al 




(43) BBS^BIB 
2004 *f 10 £ 28 B (28.10.2004) 



PCT 



do) mm*. 
WO 2004/092793 



(51) @|84#i<F#g 7 : 

(21) @®UjSI#^: 

(22) HBStblUB: 

(25) m^mmo^m-. 

(26) n(s^garomi§: 

(30) flMfefcv— *: 

$$S|2003-1 13414 2003 ^4^17 0 (17.04.2003) 

(71) tijHAf*B€Mt<&T0!>tt£Blcoivcj: B*m 

<B^iS<*S#tt (NIPPON TELEGRAPH AND TELE- 
PHONE CORPORATION) [JP/JPJ; t 1008116 KJRIS 
^ttfflE^BTHTiSS 1 # Tokyo (JP). 

(72) £lpj#;i3«fctf 

(75) !6IB#/ffl|SiX(*BICOLxT(D^;: 4 1 A f03§ (NAKA- 
JIMA, Kazuhide) [JP/JP]; T 1808585 mSff&KiSIfrfi 



G02B 6/20 

PCT/JP2004/004504 
2004 ^3 E30 B (30.03.2004) 

B*l§ 



JP 



JiBl3T i 9-1 1 NTTfllMStjS -tz > * P*3 Tokyo (JP). H fig 
Sfl- (TAJIMA, Katsusuke) [JP/JP]; f 1808585 SfiltB 
fM5» f?i«ifflr3T 1 9-1 1 NTTttMltS-b > * ft Tokyo 
(JP). e (ZHOU, Jlan) [CN/JP]; f 1808585 Kl^K 
jBSm*tBJ3TB9-ll NTT*Ofl«jatg-tz:>*rt Tokyo 
(JP). = III ft (SANKAWA, IzumI) [JP/JP]; T 1808585 M 

»ajajasmsifflT3TB9-ii NTT«ie<jitg-fe>$ 

ft Tokyo (JP). fUB (HOGARI, Kazuo) (JP/JP]; T 
1808585 KJKt&aiSffmjtHr3T§9-ll NTTfclMfttg 
-b>$trt Tokyo (JP). 

(74) ftSX: « 8— (TANI, Yoshikazu); T 1070052 Rjjt*B 
^Bg^ffi2T S 6-20 Tokyo (JP). 

(si) Ji^ii/a^cD^L^y , ±-ra>«^ro@rtSl8*< 

RTfltJ: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FT, GB, GD, GE, GH, GM, HR, HU, 



== (54) Title: SINGLE MODE OPTICAL FIBER WITH ELECTRON VACANCIES 

= (54) anas**: teftttzm-*- fifty r^ff< 



OS 
Os 



O 



(57) Abstract: The invention provides 
a single mode optical fiber suitable 
for high speed/large capacity optical 
communications and optical wiring. A 
single mode optical fiber comprises a 
first cladding whose refractive index is 
uniform, a core whose refractive index is 
higher than that of the first cladding, and 
a second cladding consisting of four or 
more electron vacancies disposed in the 
region of the first cladding. Optimization 
can be achieved when the distance from the 
center of the core to the electron vacancy is 
2-4.5 times the core radius and the electron 
vacancy radius is 0.2 or more times the 
core radius. Further, it is preferable that the 
core radius be 3.2-4.8 u m, that the specific 
refractive index difference of the core with 
respect to the first cladding be 0.3-0.55%, 
and that the mode field diameter at a 
wavelength of 1310 nm be 7.9-10.2 U m. It 
is also preferable that the specific refractive 

index difference be 0.12% or less and that the effective core radius from the center of the core to the outermost periphery of the 
electron vacancy be 23-28 U m. 
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mkeff #MftJ&5£ffcn 2/Aeff fcifcM L-TSgrtrT 3 (G. P. Agrawal 

^\ rNonlinear Fiber Optics (^2)K) J, Academic Press ft, 1 9 9 5f^fr, 
(2. 3. 10, p. 4 2) #M)o fi£oT, f-€-H3fe7r^/t©^ 

Jm*T?fcx 13 10 nm*>6 1 6 2 5 nmigOftMfttiit^ViTl>l 7 
0 Mm 2 frS, 1 5 0 ^m 2 g£©^8&8r®8tAeff SttS^-t- h^7 7-f 
A^#fe&*|W^£nW3 #IS¥9 - 2 7 4 1 1 (flfcfcJg 

6), 1 -2 1 8 6 3 2Wjkm (1»30&«1), #19 2001-3364 

7#^ffi (WBfcJIl, ftSEIOF i g. 1), #12 0 0 1-1 47 3 3 8^ 
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m(m$mi 3, mm 1002 2] )&#$o 0 

D^BjfgT^D> tfil 5 5 0 nmM}:*3^TI58 0 tim 2 nm(D^Mm 

w^k^frot., —mz^-^—vytyr^n (smf) <Dmm<D¥m%\f>}\z3$ 
nz> mm mfrmmmitrz tmmiz, mwm mm Aef f vtc smftii 

&it~fz>o ^<Dfcib. mm\zmm*sm-&mmmmmkeff <omu. ttmrnnum 

OdB/md^ 1 0 0 dB/m&TFommiZfflmi'ZnZt^v, sM£* 

is sfe, mwmmmkeff m^nfcsMFTft -^ts^ (lpi d ^& 

mh, 4 0 0 nm^±©S^S#J^$!lPE$n^<hV^fe> 

&<09*.fer, #M2 0 0 1-1 4 7 3 3 8^#(»^3S1 3, jgjgCO 0 2 2]) 

Aeff^wT^^w, ^(DMmmm$mfmtki&®L(D£Mz<kr>, itrnm^ta 
mf^(Dmm, mxumi*%2 omm^e, 3 omm.nm<Dm.mzum^ti 

mtf^mzmcxmrn-zn. nynz Htx^r^t^t>, &&$>-Drc 0 z.<d 
25 tcft, &&(DSMFomm%&m$i<D&w&Bm£VT. ^-pyj-juvm 
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(MFD) <D{&M&m~=>fr&4 y<DSUF%m^tlX^^>ifi, z.<D^^cy<D 
5 mWOMTK 

0 nm^£ 1 6 2 5 nm(DW)ftWi&mmz£>^T, 1 5 0 um 2 £*±©§l$l$r 
S^Aeff fr~Z>m?¥&l Omm^l dB/mOTWitf^tttSt 

10 »3c#U dB/mOT"C, 3 10 nml:^^ ; E-F7^-JI/Hl 

^ 3MmffMf-t-H^7 7^A 9 (SMF) £IW©, 7. 

9 jam^e. 10, 2 Mm (I TU-T, tffl^G. 652 (2 0 0 0^10^35: 
m (Table 1/G.652 , p.6)#M) S7Lft#¥— ^ 

(11) mi Z^v HfiP«fcD feSSfapcoift^nTau (10) nTgfc© 
^»fc*oTf|i^7y H«©fS«K:ffiiB$nfc«[»©S?Lap (12) tc«fc D 

^?L^©ggH d Siftjgflrr 5 21 1 (Cck t) > $ 6 fcttzmfcip^Lxn Tg|$<Z>S£ 1 

FAB (11) t, S1^7»;H9 (11) £?)*>iSv>ja#r$s&WU il^7 
yF8B (11) O^icSBg^nfe^r 1037H5 (10) ziT$t> (1 

25 o ) <d e> mil d fc wmnfeffiBT?^ i^7yH» (id <DW$m \zm 



WO 2004/092793 




PCT/JP2004/004504 



4 



isnm< tt>4m±©¥Hr 2<Dmm (12) c<fcOM$ns^ 

(10) Ofirl®2. 0ft#»&4. 5fg<D^#$T^oT, #o2EFL» ( 1 
2) ©¥8r2«»3 7»©*ftrlO0. 2ffifK±T?**^ift*M*a:T*. 
5 (10) ©±E^r 1*»3. 2/im^6 4. 8/xmT&D, 

nrg& do) o»i^7i!/H* (id ^-r^ita^f^A^o. 3%& 

Rftl 3 10 nral^^ ; E'-H7>f-Jl/W7. 9 Atm#>£ 1 0. 

io htsb (i o) ©»i^7^ fsb (i i) fc*f-r*jfcB&f*3eA**o. 

1 2%OT^oT, ^379 (1 0) ©**frj&>5£?WB (1 2) 
*T©ili37¥iA^2 3j^m/5^2 8 MmOiBM^iiMtt 

15 ffitmi&vv HSPfciP^ ^fc<£fc4«R±0£?Lm:ck0^J&;*n*S& 
2#^«/ HfiB&fgl^9y FaBrtteEBU 37¥irL 37lR<0JtJB#T# 

ha, r 2 , mo^ms^b d ^mmfc-tz £ £ IT, 

1 5 0 0 nmOT©S* (LP 1 1) €-F0liiilfm 1 2 6 0 nm^ 
6 1 6 2 5 nmOiiMMt^^T, 0mml:$^§ ldB/ 

20 mETF<Z>ffltfJIUfc£* 15 0 Mm 2 SUi<Dn$bWimm Aeff ©£T©*H££#tfc 

43^T, 1 5 0 0 nmOTOS* (LP 1 1) t-H^IMIf&li, 1 2 
25 6 0 nmfrS 1 6 2 5 nm©Ifrflsi£fiflgi8fc45V>T\ ffitf¥tll OmmlC&tt 
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\Z, 3 1 0 nm}:^Wf*©SMFi:^f©MFD#tt^l, ft 

Ofcgl 6 2 5 nm\Z&^Th$£%:<DSMF\Ztt~fZ>MFn<Dmk&± 10% 

& izftu tun x % . 

Figs. 1 A~ 1 C«^BJ©^JS^^*5^^>¥— ^e- H^^T</t© 

mwmm&Txv. ^n^etiF i g. 1 a«£?l$c4(dm. Fig. ibum 
ir6©^ Fig. i cfcQft&8<Dm&^~rfflmmmm~c&%>. 

Fig. 2^*01. 3Mm#^fi:m- ; E-H3fe>'T'<Anc43tt?>> mfr 

mwi-m, mmm^ Mmzmm&w&v^&mzkQikfe'znz, ttmm 

Figs. 3 A~ 3 C^^Bjo^o^jc^^^^L^^m-^E- 

7 r-< n<Dm.mk&zi$LU&/ v 1 t^ma^i^^u f i g. 3 a« 

^?U&4©0!I> Fig. 3Bte£?Ufc6©M, Fig. 3 Cte£?Li&: 8 (DM* 

Fig. 4«^BJCD^l<D|ISS(D^^tt§^?L#^¥-- ; E-h*^^T 
-f/ttfX »HHfc£?Ufc«d/r l<hg;£ (LP1 1) F<03IMS»rifcB© 

F i g. 5tt*^©^l©^J||©Jgt8C*5^SSafvf#¥- ; E--H^7T 
-TA(D> ifcftl 3 1 OnmllW, SM&ft;£?L&» d / r 1 tMt§> MF 
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-fA*<ZX JRfil 6 2 5nmte;fefr£, b^7li£fi d / r 1 \Ztt*t%>, 
©SMF &mm\Z VTc t fOMF D ©*B*f^fb> MtfKM F D ©5F3tP&K:j@B 

Fig. 7tt*56WO^l©^3«il0^JBfca£^Tttf^L/fc, 61®©^?L£r 
Fig. 8«^Hjo^2©«^fc^ttS^?L###- ; e-H^^T'(' 

Fig. 1 0fe*mW<Dm2<DmMBM\Z&tf%Q&tf%m-- : E-Fy£7T 
-fA*©, 3 7^©J£H#r^A<i:» (LP 11) ^-F©SISrit»nfcft©li 

3&9J&^fflrr*fc«>©*j3t©JBIB 

n i (Dmmmm 

Figs. 1 A- 1 C\**n*tv£ftm<D&7Ltt&m— : E- ^77<n© 
*flft©^IR©«l^«***r $r®ST&£. Fig. lAtt£?Llfc4<H©»-&©* 
Fig. 1 B«S?L^6^©^-&©, Fig. 1 C«S?LiC8<B©^©^f® 
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&mizmmznf£'j>?3i< hh4mu±.<D*mr 2<dqh&i 2 2? 
z>v ra£K<j;o#i/££n&o ^n5>s?L^i2«> ^n^n^r^r acqs 

^rai i<Dm&rmn2&K)'b'm<?3:z>&?\z, mtum^omum^ 
DfM^mr&o, nT^i ot^i^7^ rai i^^d^^cds^ 

*$£w<Dmm<Dj&m°vit$, w, 1 ? ? v y% 1 1 <djs#t^£M5^ u 

m 2 v v 1 (£20 tU 3731510 A^JPic: 

mtbiz, *mwc>mi<DnM<DmmTte. ^y^i 00^% cot, nr^ 

mt.ffirr%>) r 1 , RrXn TUB 1 0 ©fg 1 ? ? v FSB 1 1 (c^ff ^tbBtlf^ 
20 Aj&s, ^-tl-en^CD 1 . 3/1101^^-^77^/^ (SMF) © 

Fig. 2tt»SMFiI^^T, Mifc^ MtKfcffitfm 

5M#14©S^#(ITU-T,ii#fG. 6 5 2 (2 0 0 0^1 (Table 
1/G.652 , p.6)#8fD fciDftfe^tl*, ltJB^f^AtnT¥^r 1 ®H« 
25 dftttteSD S^rBlT?**. »tHH*W:BI't'teHy M?S^L/fcfg«T?*S. 
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Fig. 2^e>r3TlfBl 0©¥^r 1 ^r^3. 8 Mm, it® 

mm&A&mo. 3%^e>o. 5 5%cD^iaTig^-r^^i:^«ko, t*os 

Figs. 3 A-3Cte£M&{fc^?L&fid/r It, i&ftl 6 2 5nmt^ 

£?L¥^£3rT£) r 2£A^*-^£bTilTEIT&£o i^. Figs. 3 
A-3C0^miFig. 2^b^H»>e»,itJB*ff^A^0. 3 2%, 
r 1 £4. 5 /irat L-fco 
C^T, F i g. 3Ate£?UfBl 2©t (OT, £Mc<t*rr&) ^4<®<Z) 
Fig. 3Bte£?lJfc^6jg|<£>4i£\ Fig. 3 Cte£?L«S8<@<Z)ig 

-jKfc* #- ; E:-H7t^T-i > A*0^-F^>r-;i/H^ (MFD) teS#tft<H<J 

T, Figs. 3 A- 3 C\Zxk-?£5\Z, $W4B, 61®, fet<S8fi 

0. 2^±, ^Lttd§37¥tr l<£>if§4 • 5^OT©^T^th-r^> 
d^t^kD, t«1 6 2 5nmTOI»^ ft^r#10mmtOi 

Fig. 4te£?Ufc8{@, £?L¥t£r 2^a7fir 1 <D 0 . 4{g©£?Ltt 
^-t-h^??^^}:*^, 8M£ib£?U£Bd/r 1 (LP 1 1) 
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2%, 37¥irl?5i4. 5 tfm©fie*OSMFK:^JtS»* (LP 11) * 
— F(£3t«»$cStem 4 5 OnmT*5^ Fig. 4\Z^~T £o\Z., if 

Fig. 5«, Mt^F i g. 4£P?l-&#<D£fttt#J|i-- ; E-F3fc:7 
tSl 3 1 0nml:^W> IMJ^L&Id/r 1 tefcrr** M 
FD (^E— H7>f — ;PHS) ©a&ffc**TBI*T?&S. Fig. 5 fc^TJ:? 

SMF<h|W|^cz), ffyj . 9ym^f.l0. 2 /im©MFD#ttm Z Lifi^S 

F i g. 6tei£:fil 6 2 5 nmfciW, ^teYb^USB d / r 1 fc 
2ff£, »SMF(^WMFDSi¥tl&H0, ^?L###— H 
^7 7-f;t(^tt§MFD0liML MICM F D 0^(C^Stl) 
i*©#tt$itit*§. iiOiittMF D (Dffl«(D#tt$ 

&t>Vs i»0i«ttMFD^«^fl*O»ttft*t>l/TViS. Fig. 6 K 

0, ^?L2&1 2(D-ft#tC#-5^<DSMF{^-r§^Sl 6 2 5nmt*^ 

mfd©»±i oxuTtv. MFD<D^m&izmm~?z>mmm$z&i d 

foT, JBU2iB§J!L;fc, Fig. 2, Figs. 3A-3C, Fig. 4, 
Fig. 5> MUFig. 6\Z^\st£&5\Z* 'J>fe<t.b4®Ek±<D*3&[M 
1 2 §Wr^>*^BJ<3D^?L#^#— ^— F^y-fAK^T, ^?L§&1 2© 
lfi:fd$37¥gr 1CD2 • 0fg#>£>4 • 5{g, £?LSB 1 2 0*|r 2^37 
*grl©0. 2MltU 37gBl 0Oit®Jf¥^A^0. 3%^£>0. 
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5 5%, 37¥^rl£^3. 2/zm^&4. 8 ^m©«S«T?ia:ffl-r«. £ <hfc 

S# (LP 1 1) ^-FOSttiSWfifca&l 5 OOnmWTtU 1 2 

6 0 nm^e> 1 6 2 5 nm©»flsMHRttfc43W-*ftWP ^ 1 OmmTfCDffifrf 
i*#ttS'ldB/m^TtU ^Sl3 10nmmi>MFDS, t£ 
5fc<£>SMF£l^<£>&>7. 9Mm^eiO. 2wmiU Mfcf&fls$fcft<E>±|5B 

1 6 2 5 nmfc&^Tfc, ^OSMFCtt^MFDOMfft^i 10% 

Fig. 7ttJ^b}fc*»K©^iJIS©^JBte:3£^ttf^bfc, 6fS©£?Lg|$ 

i 2§wr§2@^^?Lf*#m- ; e-H^7T-rAic^^^> fflvftR^osE 

W*3c©»j££#fck fitful Omm v 2 0lfiI#^O^i:bT^So 
fi£*OSMF©^*SbU XW«^}li§$?L#^SMF©#tt^ 

S M F Idifc^ 2 tfr£LtcDffi if »5«cfi«S»**»#6nTt^. 

F i g. 8ttffitf¥&l OmmlC*ftSi^*il dB/mJ£nF<h&£> 
nTSBl 0©8l^7»; H«l l^TSItSSf^Aill^inT^AOll 

yK8B©**W3, SP*^ A=d + 2Xr2tbTtit§ (Figs. 1 A~ 

icm) 0 ^ litbT, §2^77 Haus^-rs^affii 2<Dmz6 

m, S?L¥tS r 2 fctn 7¥t r 1 © 0 . 3 ^> SEFUfc* d ten 7¥S r 1 <D 3 
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Fig. 8*>Ek ISSl 2 6 OnmTCDitJBSf^At^nT^AOM 
^SJBVVTtfttN" 5££te«kD, JRfil 2 6 0 nm^ib 1 6 2 5 nmOlfft 
SUSIST, ffitf¥^aU Ommtf)P#©lflltfj*£c£l dB/mTOTtSilt 

Fig. 9te, Fig. 8<D$t*l 2 6 0 nmfc^tt£JtB#f^ A £^$J 
3T¥SA©g|^£/BV*fcfl#(ZX 1 2 6 0 nm, 1550 nm^ 16 2 
SnmfcfcfrS, 3TS&1 0 ©JfcJSiWH A ££S2b»riS8t Aef f ©WfiSS^fB 

Fig. 10(1 Fig. 8<D$cfil 2 6 0 nmfc:fcW-£ltJB8r*£ 
At^37fiAOl#$ffl^fc^0, 3 7bB 1 0©J£JS#r^A£S# (L 
P 1 1) ^-HoaSMagWrSESOli^^^-rH^**. 

f^T, Fig. 8, Fig. 9, ROT i g. 1 0 IC^Ufc <fc 5 (C, 
93©&2©^J8<DJgJ!BTfck nTBP 1 0 S©gBl8ld = 3 x r 1 <£>4£ff 

fc, #gr2 = 0. 3X r 1<D6 fiO^TLIflJl 2 **rr*¥— ; E— Fft^T-f 
/\'K:43V>T, nTfiPl 0©tbJB«f«A*jS0: 1 2 %£TF, H^jnX^A 
£$J2 3 (imfrZ 2 8 jamcD^-rlSlt-rS^t^ctD, S# (LP 11) =E 
-F©illltfi§ 110 0 nmPJITtU iftfil 2 6 0 nm^S 16 2 5 
nmC^^S^W Aeff j&U 5 0 Aim 2 £A±^ ^ofttf^l Omml: 
& 3 ft 1 d B /m£*T <£>#t£ *^3g*T 

fc£ -t©«iiJG«W©fli!ft, ^I, ^JE^ iiiP, i®i&<£>*iM, 5g#©£Ms© 
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Tfiid^l 1^7>yH^ll<kO *>H*f*s©fl£V>£Mt:, tt#&V>b0#T?i[5& 
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2. ttffBnT^OMWB^lr 1^3. 2Mm#><=>4. 8 MmTl D , MIBn 

TSBoft&sa^i^^y \*mztt?z>itmffimm&&o. 3%^&o. 55%© 

16 3. ifcgl 3 1 0 nmfccfett**— F:7-f— ;VFflW*7. 9£tm^e>10. 
2 /imt^§Ct^|(tt§, »^JS2^fBmo^?L##¥- ; e-F5 l 67T 

4. WfB3Tg|5©SirfBmi^7^ H«Pte*rrSJtJB*f*ilA*«0. 12%J^ 
Tt^ot, ^MfBnTg|504 l ^e.Mf3^?L^m^*T©^nT^ 
20 gA^2 3 Mm)&^2 8 jmn©iirtT$5^t^im, iilJ&Ji 1 fclE 
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1. (*HE«) JB3r*#a9— fc36l2^v *MB* 1 * 9 v F«£ D 

WlEiMd*«KHB3 7flP©W1E*fiir 102. 0#j&>5 4. 5fg£>*^$T 
* t) > Me3£M<2MfB¥^ r 2 ^|&fBn T£&©it&fB¥11 r 1 <D 0 . 2 #&-h 
10 t^D, ITU-T, i§G. 6 5 2l:?IT51 3 0 0nm^e)1 3 24n 
mfc:mt£^#m^5#ft£, fttf^&l Ommll^ltS 1 dB/mPiT0i 

2. «trlB3TaP©MIB^r 1^3. 2/tm*>6 4. 8jt£mT?$>D> B&SB3 
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